A best evidence topic in cardiac surgery was written according to a structured protocol. The question addressed was whether there is a relationship between hospital or surgeon volume (SV) and postoperative outcome in adult aortic or mitral valve surgery. One hundred and sixty papers were found using the specified search strategy, of which seven papers represented the best evidence to answer this question. The author, journal, date and country of publication, patient group studied, study type, relevant outcomes, methodology scores, study weaknesses and results are tabulated. Outcomes assessed by these studies were variable; four papers used mortality, one paper used morbidity, one paper used care processes and one paper examined all the above-mentioned outcomes. Six papers investigated the effect of hospital volume (HV) on outcome whilst only one paper assessed the effect of both HV and SV on outcome. The type of valve operated on was also mixed; two papers studied aortic valve only, one paper studied mitral valve only and four papers studied both valves. The methodological quality and validity of each study was assessed by a predefined scoring system. The median total quality score was modest and not strong enough to support the conclusions reported by these studies. In addition, volume-outcome relationship can be affected by several factors related to patient, surgeon and hospital. These factors have not been considered in depth by the mentioned papers. However, there may be a positive relationship between hospital procedural volume and mortality which is more likely to be mediated by SV, and there is also a potential relationship with the rate of mitral valve repair and the use of bio-prosthetic valves in elderly patients. We conclude that regionalisation of adult aortic or mitral valve surgery based on such a limited number of modest quality studies would be an indefensible policy. The implementation of such a scheme can have many clinical, practical, economical and political consequences which have not been examined prospectively until today. Furthermore, the relationship between volume and other outcomes rather than mortality needs further assessment.
Introduction
A best evidence topic was constructed according to a structured protocol which is fully described in the ICVTS w1x.
Clinical scenario
A 60-year-old male patient presented with symptomatic severe mitral regurgitation due to anterior and posterior leaflet prolapse confirmed by recent echocardiography. This case was referred by the local cardiologist to the joint Cardiology-Cardiothoracic meeting, emphasizing that an expert mitral valve surgeon should perform this operation. At this meeting another cardiologist suggested the case *Corresponding author. Tel.: q44 (0)20 3312 7630; fax:q 44 (0)20 3312 6309. E-mail address: tathan5253@aol.com; t.athanasiou@imperial.ac.uk (T. Athanasiou).
should be undertaken at a high volume hospital to achieve a better outcome based on the volume-outcome relationship (VOR) in cardiac surgery. It is important to consider whether it would be best for the surgery to be undertaken at a local hospital or to refer this patient to a high volume hospital or surgeon and you decide to evaluate the evidence by performing a literature search to clarify the effect of volume on outcome in adult aortic and mitral valve surgery.
Three-part question
In wadult patients undergoing aortic or mitral valve surgeryx, does woperation at a high volume hospital or by a high volume surgeonx result in better woutcomex?
Search strategy
Medline 1950 to November week 3 2009 using OVID interface: (aortic valve.mp. OR exp Aortic ValveyOR mitral Downloaded from https://academic.oup.com/icvts/article-abstract/10/4/605/659393 by guest on 25 January 2019 
Search outcome
A total of 160 papers were found using the reported search. From these, seven papers w2-8x (Table 1) were identified as representing the best evidence to answer this clinical question.
Methodology scoring
The methodological quality, strength of study and the ability to generalise conclusions of each article was assessed using a predefined scoring system specifically designed to measure the degree to which the study design is likely to reveal increased accuracy regarding the magnitude and nature of the relationship between volume and outcome. This was initially developed by Halm et al. w9, 10x and modified by Mayer et al. w11x . The scoring system (Table 2) consists of 10 questions which consider the representativeness of the study sample, sample size, number of adverse events, unit of analysis, inclusion of clinical processes of care, appropriateness of patient selection, volume categories, quality of risk adjustment and outcome measurements; with a maximum possible score of 18.
Comment
The inverse relationship between procedural volume and adverse outcomes in different types of surgery has been supported by numerous studies w2, 9, 12, 13x. Considerable focus has been placed on coronary artery bypass grafting (CABG), leaving relatively modest reflection on the outcomes of adult cardiac valve surgery. Seven clinical studies, comprising over 500,000 patients were identified to answer the above question. VOR is a concept concerning both health providers and cost payers to achieve better outcome in a cost-effective mode. VOR in adult cardiac valve surgery remains questionable, partly due to lack of clinical evidence. It is now )25 years since this concept was initiated and only seven studies were found attempting to investigate this relationship in adult aortic or mitral valve surgery. There are three key questions about VOR that need to be answered in regard to clinical practice: 1) Is the hospital volume (HV) or surgeon volume (SV) more significant? 2) What is the cut-off value for volume? 3) Which type of operation?
To answer these questions, extensive studies with robust methodology considering patient, hospital and surgeon factors that can affect VOR should be conducted. Bridgewater et al. w14x proposed 19 criteria of best practice standards for mitral valve repair. In these recommendations, volume thresholds were treated as equivalent and not superior to other standards and they confirmed the absence of supportive data for these volume thresholds. This paper supports the idea that VOR is not a simple equation and it represents a complex interaction between several variables. Perhaps only when these other factors are standardised then this relationship becomes valid.
These seven papers did not investigate particularly the effect of SV and the clinical processes of care. In addition, patient populations, risk adjustment systems, volume types and categories, type of surgery and outcomes were all heterogeneous. This made the process of identifying a robust conclusion quite difficult. For example, outcomes assessed by these studies were heterogeneous as follows: four papers used mortality, one paper used morbidity, one paper used care processes and one paper examined all the above-mentioned outcomes. Only one paper assessed the effect of both HV and SV on outcome, while the rest assessed only HV. The type of valve operated on was also heterogeneous. It is important to notice that none of these papers were based on data from Europe. It is not clear whether this is due to a lack of awareness or due to concept disbelief. This makes the generalisation of the reported conclusions for the European population debatable. Another point is the presence of common authorship and repetitive or overlapped data in many of these studies; although we did not exclude any of them because they investigated different aspects of VOR. In addition, analysis of methodological quality, strength of study and the ability to generalise conclusions with the above-mentioned scoring system results with a median total quality score of eight which is not strong enough to defend the reported conclusions.
Clinical bottom line
VOR in adult aortic or mitral valve surgery is a result of complex interactions between numerous factors that were not deeply investigated in the above limited number of studies. The availability of high quality clinical processes of care, physician and other professional skills and organisational skills in high-volume hospitals may be the real reasons behind better outcomes rather than just the volume element. Therefore, we conclude that regionalisation of adult aortic or mitral valve surgery to high-volume hospitals or surgeons based on the presence of such a limited number of modest quality studies would be an unjustifiable policy.
